We examine the stop production scenario for the anomalous excess of high Q 2 events observed at HERA, by taking into account the constraints coming from the leptoquark search at Tevatron and the atomic parity violation experiments. This scenario is shown to survive persistently even under the severe constraints from the other experiments. In the analysis, the branching ratios Bt j of the decay modest j → ed (j = 1, 2) are found to be useful parameters, representing a number of unknown parameters in the SUSY models. By expressing the stop contribution to the cross section of deep inelastic ep scattering σ(ep → eX) in terms of Bt 1 and Bt 2 , the allowed region is successfully identified in the parameter space of Bt 1 and Bt 2 .
and the measurements of atomic parity violation. Also it is pointed out that the useful parameter is the branching ratio Bq of the decay modeq → eq, when we discuss the consistency of the squark production scenarios with the leptoquark search at Tevatron. The constraint on the plane of the squark mixing parameter θq and the / R coupling λ ′ is also discussed. The existence of the lepton-squark-quark(l-q-q) couplings is essential to explain the excess and the M distribution of high Q 2 events. The l-q-q couplings are induced by / R interaction that results from the trilinear / R superpotential. 
whereL andQ are the lepton and quark superfields in SU(2) doublet representation, whereaŝ E c ,Û c andD c are superfields for lepton, up-and down-type quarks in singlet representation, respectively; and i, j and k denote the generation indices. The / R interaction Lagrangian relevant to the high Q 2 excess events is derived from W / R with i = k = 1 as follows:
where P L is the left handed chiral projection operator. In general, the squarks(q L ,q R ) are represented as the mixed states between the mass eigenstates (q 1 ,q 2 ) of squark with a mixing parameter θq as follows:
q L =q 1 cos θq −q 2 sin θq,q R =q 1 sin θq +q 2 cos θq.
As mentioned above, two almost degenerate peaks around 200 ∼ 250GeV are required to explain the broadness of M distribution. The squark mixing is necessary to produce two peaks in the M distribution by / R interaction. Hereafter, as a representative of the squark production scenarios, we consider the stop production scenario, in which case j = 3, andq should be identified as the stop(t) 3 . From the combined data of both H1 and ZEUS, the excess events with Q 2 ≥ 15000GeV 2 cluster around M ∼ 200GeV and M ∼ 230GeV. 4 The location of the peaks in the M distribution should be identified as the mass of the two stops. Hereafter we take mt 1 = 200GeV and mt 2 = 230GeV.
There exist many constraints on the absolute value of / R coupling constants or on the products of them [11, 12] . Especially, the strict constraints come from the proton lifetime [13] , neutrinoless 2β decay [14] , neutrino mass bound(m νe ) [15] , K 0 -K 0 (D 0 -D 0 and B 0 -B 0 ) mixing and both rare and forbidden decays of mesons [16] , µ-e conversion [17] and atomic parity violation(APV) [18] .
The non-zero value of λ ′ 131 is necessary to explain the excess events at HERA by the stop production scenario. Hereafter, we suppose only λ ′ 131 to be non-zero and other / R coupling constants are to be zero. As a result we can relax all the above constraints except the one from APV.
2 On the other hand, leptoquark is a hypothetical particle that couples to both lepton and quark at the same vertex.
3 Scalar charm quark(c) production scenario can be considered when we take j = 2 andq =c [4, 6, 8, 9] . The stop production scenario can be paraphrased into the scharm production scenario by suitable substitution of mixing angle, coupling and mass. Scalar up quark production scenario is, however, impossible to explain the event excess at HERA. It is because the coupling constant of λ ′ 111 is already restricted within a very small value by neutrinoless double beta decay [14] for the scalar up quark mass around 200GeV and gluino mass smaller than a few TeV, and as a result its contribution to the excess of high Q 2 events at HERA is very small. [21] . The bound on ∆Q W with 95% C.L. is obtained as follows:
The contribution of the stop to the weak charge [18] reads
where N = 78, Z = 55 for 133 Cs. In figure 1 , the upper bound on λ ′ 131 is shown as a function of cos θt. We note from figure 1 that λ ′ 131 ≤ 0.07 is allowed in the whole region of θt when mt 1 = 200GeV and mt 2 = 230GeV.
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The formula for the cross section σ(ep → eX) with double stop production can be derived from the straightforward extension of the formula with single stop production in the / R-SUSY model [10] . Besides the SM parameters, σ(ep → eX) depends on six variables
where Γt j are the total decay widths oft j . When it is kinematically possible that thet j decay modes include SUSY particles, Γt j may depend on a number of SUSY parameters.
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Once we treat the branching ratios as independent parameters, however, the contribution to σ(ep → eX) from the parameters of SUSY model, except for those of the stop sector, can be embedded into the two finite parameters, 0 ≤ Br(t j → ed) ≤ 1. The total decay widths can be expressed as follows:
where Γ(t j → ed) are the partial decay widths of the stop to the ed mode, and Br(t j → ed) are the corresponding branching ratios. The formulae of Γ(t j → ed) are
Hereafter we will use shortened notation Bt j ≡ Br(t j → ed). Then σ(ep → eX) can be rewritten as a function of the six parameters,
This choice of parameters is convenient when we discuss the feature of event excess at HERA almost independent of the detailed structure of SUSY model. The branching ratios are restricted directly by the first generation scalar leptoquark(LQ 1 ) search at Tevatron experiments. The upper bound on the σ(pp → LQ 1 LQ 1 X)B 2 LQ 1 is obtained by the Tevatron experiments [22] , where σ(pp → LQ 1 LQ 1 X) is the total cross section of the LQ 1 pair production and B LQ 1 is the branching ratio of the LQ 1 → eq decay 5 The constraints on / R interaction may be relaxed by the introduction of other new physics sources, for example, the contact interactions [21] . 6 For example, when the decay modet → χ 0 q is kinematically allowed, the total decay width depends on gaugino mass parameters(M i (i = 1, 2)), Higgsino mass parameter(µ) and the ratio of the vacuum expectation value of two Higgs bosons(tan β ≡ mode. The upper bound can be interpreted as that of σ(pp →ttX)B 2 t , because one expects that the signal selection cuts for LQ 1 can be adopted for the stop with / R interaction(2). The theoretical prediction of σ(pp →ttX) has been estimated including SUSY QCD effects at the next-to-leading order [23] . Consequently, we can obtain the upper bounds on the branching ratio Bt. The upper bound are listed in Table 1 . Figure 2 shows the contour plots of σ(e + p → e + X) in the Bt 1 versus Bt 2 plane. Although the branching ratios are constrained as listed in Table 1 by the first generation leptoquark search at Tevatron, there remains a region in the Bt 1 -Bt 2 plane where the excess of high Q 2 events at HERA can be explained by the stop production scenario. We also find out from figure 2 that the contours of the total cross section σ(e + p → e + X) for the same value of θt seem to be parallel. The reason why the contours are parallel in figure 2 can be explained as follows.
The approximate formula of dσ(e + p → e + X)/dxdQ 2 is obtained from its exact formula by using the narrow width approximation;
where the first term on the right hand side, denoted by
, comes from the t-channel exchange of γ, Z andt j (j = 1, 2), whereas the second and third terms come from the s-channel exchange oft 1 andt 2 , respectively. The parton distribution function for the down quark inside a proton [25] is denoted as d(x, Q 2 ). Since the amplitude via the t-channel exchange of the stop, as compared with that by the SM process for mt ≥ 200GeV and λ ′ 131 < 0.1, is negligibly small, the first term on the right hand side in (10) is approximately equal to the contribution from the SM. Therefore, the approximate formula for the total cross section σ(e + p → e + X) can be written as follows:
where I(m
x min = Q 2 min /s, and Q 2 min is the selection cut for the high Q 2 events. Equation (11) shows that σ(e + p → e + X) depends on Bt j (j = 1, 2) linearly. This explains the feature of figure 2 that the contours of the total cross section are almost parallel in the Bt 1 -Bt 2 plane.
After integrating over x, we have
Several explicit values of I(m 2 t j /s, Q 2 min ) are given in Table 2 . From eq. (11) and figure 3 , we show the contour plots of σ(e + p → e + X) derived by using the approximate formula(dashed lines) and the exact formula(solid lines).
Next, we discuss whether the constraint on the θt and λ ′ 131 can be obtained from the data of H1 and ZEUS for excess events. Combining data of H1 and ZEUS for Q 2 ≥ 15000GeV 2 , we can find 11 events in the first bin 187.5GeV< M < 212.5GeV and 5 events in the second bin 222.5GeV< M < 247.5GeV with luminosity of L = 57.2 pb −1 [3] against the SM expectation of 5.9 events in the first 187.5GeV< M < 212.5GeV and 2.1 events in the second 222.5GeV< M < 247.5GeV. We now require the constraint on the number of events in each bin at 1σ level as follows:
Figures4 ( To conclude our discussion, we show that the stop production scenario for the excess of high Q 2 events at HERA is consistent with the current experiments, even though the leptoquark search at Tevatron and APV measurements strictly constrain the stop production scenario.
Currently, the statistics at HERA experiments are not enough to constrain the cos θt-λ
parameter space strictly. In the future high luminosity run at HERA, we expect that the number of events in each bin will be restricted within a narrower region than the present one in eq. (14), so that a more strict constraint on the cos θt-λ ′ 131 parameter space will be obtained in the near future. HERA upgrade is planned with L ≈ 7.4 × 10 −5 pb −1 s −1 starting in the year 2000 [26] .
8 Furthermore, if a large amount of luminosity is accumulated at the future Tevatron experiment such as TEV33(L = 210.62pb −1 / week) [27] by the end of year 2006, then we may expect that the branching ratios Bt j (j = 1, 2) will be restricted within the small values, namely Bt 1 < 0.2 and Bt 2 < 0.33. Therefore the stop production scenario will be strictly constrained by TEV33. Nevertheless, the figures 2 and 4 show that the stop production scenario can be compatible with the constraints from both the leptoquark search at TEV33 and the measurements of APV, even if the strict constraint on the Bt j (j = 1, 2) is obtained at TEV33.
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Figure captions Figure 2 Contour plots of the cross section of σ(e + p → e + X) for Q 2 ≥ 15000GeV 2 are shown in the Bt 1 versus Bt 2 plane; the dashed line is for cos θt = 0.3, the solid line for cos θt = 0.6 and the dotted line for cos θt = 0.9. We take λ ′ 131 = 0.07 and √ s = 300GeV. Each value written beside the curve is corresponds to the measured value, σ(e + p → e + X) = 0.71 +0.14 −0.12 pb, for Q 2 ≥ 15000GeV 2 . Figure 3 Contour plots of the cross section of σ(e + p → e + X) for Q 2 ≥ 15000GeV 2 and cos θt = 0.6 are shown in the Bt 1 versus Bt 2 plane; the dashed and solid lines are corresponds to the results obtained by the approximate formula and the exact formula, respectively. Other input parameters are the same as in figure 2. 
